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Abstract
Background: Dengue is a leading cause of severe illness and hospitalization in Vietnam. This study sought to
elucidate the linkage between climate factors, mosquito indices and dengue incidence.
Methods: Monthly data on dengue cases and mosquito larval indices were ascertained between 2004 and 2008 in
the Dak Lak province (Vietnam). Temperature, sunshine, rainfall and humidity were also recorded as monthly
averages. The association between these ecological factors and dengue was assessed by the Poisson regression
model with adjustment for seasonality.
Results: During the study period, 3,502 cases of dengue fever were reported. Approximately 72% of cases were
reported from July to October. After adjusting for seasonality, the incidence of dengue fever was significantly
associated with the following factors: higher household index (risk ratio [RR]: 1.66; 95% confidence interval [CI]:
1.62-1.70 per 5% increase), higher container index (RR: 1.78; 95% CI: 1.73-1.83 per 5% increase), and higher Breteau
index (RR: 1.57; 95% CI: 1.53-1.60 per 5 unit increase). The risk of dengue was also associated with elevated
temperature (RR: 1.39; 95% CI: 1.25-1.55 per 2°C increase), higher humidity (RR: 1.59; 95% CI: 1.51-1.67 per 5%
increase), and higher rainfall (RR: 1.13; 95% CI: 1.21-1.74 per 50 mm increase). The risk of dengue was inversely
associated with duration of sunshine, the number of dengue cases being lower as the sunshine increases
(RR: 0.76; 95% CI: 0.73-0.79 per 50 hours increase).
Conclusions: These data suggest that indices of mosquito and climate factors are main determinants of dengue
fever in Vietnam. This finding suggests that the global climate change will likely increase the burden of dengue
fever infection in Vietnam, and that intensified surveillance and control of mosquito during high temperature and
rainfall seasons may be an important strategy for containing the burden of dengue fever.
Background
Dengue, including dengue fever and dengue haemorrhagic
fever, is the most rapidly spreading mosquito-borne viral
disease and an increasing public health problem globally
[1,2]. During the past 50 years, the incidence of dengue
has increased by 30 fold, parallel with the increasing
geographic expansion from urban to rural areas [3,4].
According to current estimates, at least 100 countries are
endemic of dengue and about 2.5 billion people are at risk
in tropical and subtropical regions, with about 50 million
dengue infections occurring annually [1,2]. The revised
International Health Regulations 2005 included dengue as
a disease that may constitute a public health emergency of
international concern with implications for health security
due to disruption and rapid epidemic spread beyond
national borders [5].
A key strategy of the dengue control program relies
on vector control to reduce viral transmission. A num-
ber of ecological, biological and social factors are
involved in vector breeding and viral transmission [6].
The impact of global warming on human health, espe-
cially in vector-borne diseases, is increasingly becoming
a public health concern, because the risk of dengue has
been reported to be associated directly or indirectly with
seasonal changes in climate [3,4,7,8], and mosquito lar-
val indices [6,9,10].
Despite the existence of a National Dengue Control
Program since 1998, dengue remains a major health
problem in Vietnam. Dengue fever and dengue hemor-
rhagic fever are leading causes of hospitalization,
accounting for 1,000,866 cases reported in Vietnam
* Correspondence: pvhau@vnn.vn
1Institute of Hygiene and Epidemiology of Tay Nguyen, Dak Lak, Vietnam
Full list of author information is available at the end of the article
Pham et al. BMC Infectious Diseases 2011, 11:172
http://www.biomedcentral.com/1471-2334/11/172
© 2011 Pham et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.during the period 1991-2004, the highest number in the
Western Pacific Region [2]. The present study was
designed to describe the occurrence of dengue and its
associated ecological factors in a Central Highlands
province in Vietnam.
Methods
Study setting
The study was conducted in Dak Lak, a province located
in the Central Highlands region of Vietnam. The region
is considered one of the most disadvantaged and remote
regions in the country. The province is located from 11°
30’-13°25’ North latitude and 107°30’-109°30’ East longi-
tudes and shares a border with Cambodia (Figure 1).
Dak Lak has a relatively flat terrain with average altitude
of about 500 meters above the sea level. There are two
seasons: the rainy season runs from May through Octo-
ber with average rainfall > 100 mm, and the dry season
from November through April with rainfall < 100 mm.
The annual average rainfall is between 1346 and 2083
mm. Annual average temperature ranges between 22
and 26 degrees Celsius (Table 1).
Dak Lak has a population of 1.74 million, among
whom, 30% are of ethnic minorities. It is primarily an
agricultural area, with coffee plantation and production
being the chief economic sector. As this is the most
densely populated province in the region and it has a
well established system of communicable disease surveil-
lance, it provides an ideal setting for the investigation of
dengue and its ecological correlates in the Central High-
lands of Vietnam.
Dengue prevention and control activities in Dak Lak
province were carried out under a multisectoral dengue
action committee. Key activities included surveillance of
dengue with routine weekly reports, laboratory-based
sentinel surveillance, vector surveillance, and monitoring
of environmental risk factors for dengue epidemics. The
study was approved by Scientific Committee of Tay
Nguyen University.
Surveillance and data collection
In Dak Lak province, there is a network of 184
commune health stations located in each village. Each
station is in charge of communicable disease surveil-
lance. The data are reported first to the district’s, then
to the province’s Center for Preventive Health.
Whenever there is a suspected case of dengue, a stan-
dard case management protocol is enacted. According
to the protocol, individuals suspected to have dengue
are those who meet the WHO case definition (acute
febrile illness (≥38°C) of 2-7 days duration with two or
more of the following non-specific manifestations of
dengue fever: headache, retro-orbital pain, myalgia,
arthralgia, rash, hemorrhagic manifestations, and leuco-
penia [1]. Once identified the patient is transferred,
depending on the severity of the condition, to the
Figure 1 Map of Vietnam showing Dak Lak province (in dark
grey area).
Table 1 Climate conditions in Dak Lak province
Month Temp. (°
C)
a
Sunshine
(hours)
a
Rainfall
(mm)
a
Relative humidity
(%)
a
Jan 21.2 241 3 79
Feb 22.6 257 1 74
Mar 24.6 270 47 73
Apr 26.0 257 78 74
May 26.0 216 194 81
Jun 25.4 202 165 84
Jul 24.2 166 237 87
Aug 24.0 145 370 88
Sep 24.0 148 434 89
Oct 23.8 171 130 86
Nov 23.0 175 74 85
Dec 21.4 169 19 83
Summary 23.9 ± 1.6
b
2415 ±
109
c
1751 ± 304
c 81.9 ± 6.0
b
Note:
a Data are averages across 5 years (2004-2008).
b Data are monthly average ± SD
c Data are annual cumulative ± SD
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diagnosis and treatment. Total numbers of dengue cases
were recorded weekly during the surveillance period
from 2004 through 2008.
Collection of mosquito larval indices, including the
household index [HI], the container index, and the
Breteau index [BI], was conducted monthly from 2004
through 2008. The collection was undertaken in accor-
dance with guidelines recommended by the World
Health Organization (WHO) [1]. During the study per-
iod, monthly surveys were carried out in 8 sites, 1 in
Buon Ma Thuot City and the remaining 7 in various
districts in the province. At each time, we randomly
selected 8 communes from the list of communes of
Buon Ma Thuot City and 7 districts. In each commune,
we randomly selected a hamlet, then sampled 100
houses for data collection. The HI was the percentage of
houses infested with larvae or pupae [1]. The container
index was calculated as percentage of water-holding
containers infested with larvae or pupae [1], and the BI
was the number of positive container per 100 houses
inspected [1].
Meteorological data including temperature (°C), dura-
tion of sunshine (hour), amount of rainfall (mm), and
relative humidity (%) were obtained from the local
meteorological offices across the province. The data
represent monthly averages for each year during the
study period from 2004 through 2008.
Data analysis
The main aim of data analysis was to describe the
occurrence of dengue and its association with potential
ecological factors. The outcome considered in the analy-
sis was the actual number of dengue cases which was
recorded monthly during the study period for all dis-
tricts of the province. Ecological factors included in the
analysis were the HI, the container index, BI, tempera-
ture, duration of sunshine, amount of rainfall, and
relative humidity.
As the number of reported dengue cases was small
relative to the provincial population, distribution of den-
gue cases was assumed to follow the Poisson distribu-
tion. Accordingly, a Poisson regression model was used
to model the relationships between the ecological factors
and dengue cases. To control for the effect of seasonal-
ity and trend, we decomposed the incidence of dengue
cases into seasonal and trend series by the classical time
series method. In this method, the number of cases (Y)
is decomposed into 3 components as follows: Yt =T t +
St +E t,w h e r eT t denotes the trend component, St
denotes the seasonal component, and Et is the residual
component. Because the actual number of dengue cases
was small relative to the population, we assumed that
the incidence of dengue cases followed a Poisson
distribution, with parameter l t, i.e., Yt ~ Poisson(l t).
The effects of ecological covariates were modeled as
follows:
λt = exp

β0 + β1Xt1 + β2Xt2 + β3Xt3 + ... + βpXtp

where b t1, b t2, b t3,...,b tp are regression coefficients
associated with covariates xt1, xt2, xt3, ..., xtp, respectively.
A time series Poisson regression was then fitted with
weather variables, seasonal and trend components.
Weather variables were included after performing seaso-
nal difference to control for autocorrelation. First and
second order autoregressive terms were considered, but
only the first order regressive term was included in the
final model because the second term did not reach
statistical significance. All analyses were performed
using the R package gam [11].
Results
During the follow-up period (2004 to 2008), 3,502
dengue cases were reported in Dak Lak province. The
incidence of dengue strongly fluctuated from year to
year, and between months within a year. There was an
epidemic in 2004 that accounted for 71.4% of cases
during the surveillance period (Figure 2). The incidence
was decreased significantly after 2004. Within a year,
the incidence of dengue cases peaked during the July-
October period, which falls within the rainy season of
May to November (Figure 3). From 2004 through 2008,
the total number of dengue cases from the period of
July through October accounted for 71.6% of total cases.
The monthly incidence of dengue was correlated with
the household index, container index, and Breteau index
(Table 2). There was also a significant correlation
between Breteau index, household index, and container
index.
Figure 2 Total number of dengue cases in Dak Lak province,
2004-2008.
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after adjusting for seasonality, the risk of dengue was
significantly associated with increased household index,
household mosquito, container index, Breteau index.
Moreover, increased temperature, increased rainfall, and
increased humidity were each associated with increased
risk of dengue. The risk ratio ranged from 1.1 to 1.7.
Because these climate and ecological variables were cor-
related, a multivariable Poisson regression model was
fitted to the data to search for independent factors
(Table 4). Results of the multivariable analysis indicated
that the risk of dengue was independently associated
with higher household index (RR: 1.87; 95% CI: 1.81-
1.93 per 5% increase), higher mosquito index (RR: 1.08;
95% CI: 1.06-1.11 per 5% increase), increased rainfall
(RR: 1.14; 95% CI: 1.12-1.15 per 50 mm), and increased
temperature (RR 1.21; 95% CI: 1.11-134).
Discussion
Previous studies have shown that the dynamics of den-
gue is affected by many factors, including environmental
and climate factors, host-vector interactions and the
herd immunity [12-15]. Climate factors may directly or
indirectly affect vector survival, lifespan, development
and reproductive rates that could influence dengue
spatio-temporal distributions [7,16-19]. The present
study demonstrated a clear seasonal pattern of dengue
occurrence in a Central Highlands province of Vietnam,
with the highest number of cases occurring in the rainy
season. Elevated temperature, relative humidity and
duration of sunshine were also associated with an
increased occurrence of dengue.
Our result is consistent with previous studies which
found that the majority of dengue cases occurred in
months with higher rainfall that were clearly defined
“dengue season” [8,20-22]. In Trinidad, “dengue season”
was between June and November [23], and evidence
showed that the dengue incidence in Metro Manila var-
ies with changing rainfall patterns [24]. It has been
hypothesized that rainfall affects adult female mosquito
density. An increase in amount of rainfall leads to more
Figure 3 Seasonal and trend decomposition of dengue
incidence in Dak Lak province (Vietnam) between 2004 and
2008: Top panel: monthly incidence of dengue; second panel: trend
cycles of dengue incidence; third panel: seasonal cycles of dengue;
and the bottom panel: random (residual) component.
Table 2 Monthly mosquito indices and occurrence
of dengue in Dak Lak province
Month House
Index
a
Container Index
a Breteau
Index
a
No. of cases
b
Jan 3.7 2.9 4.8 27
Feb 4.2 3.3 5.4 20
Mar 3.9 3.4 5.4 22
Apr 4.6 3.4 5.9 43
May 5.6 4.1 6.9 183
Jun 6.6 4.9 9.1 302
Jul 7.0 5.5 10.1 448
Aug 7.4 5.8 10.1 593
Sep 7.4 5.8 9.6 1007
Oct 7.1 6.2 9.7 459
Nov 5.6 3.9 6.9 281
Dec 4.7 3.2 5.7 117
Notes:
a Data are averages across 5 years (2004-2008).
b Data are total number of cases tallied from 2004 to 2008.
Table 3 Risk factors for dengue incidence in Dak Lak
province: univariate analysis
Risk factor Unit of comparison Risk ratio
(95% CI)
P-value
Household index Per 5% increase 1.66 (1.62-1.70) < 0.0001
Household mosquito Per 5% increase 1.16 (1.14-1.18) < 0.0001
Container index Per 5% increase 1.78 (1.73-1.83) < 0.0001
Breteau index Per 5 unit increase 1.57 (1.53-1.60) < 0.0001
Temperature Per 2°C increase 1.39 (1.25-1.55) < 0.0001
Sunshine Per 50 hours increase 0.76 (0.73-0.79) < 0.0001
Rainfall Per 50 mm increase 1.13 (1.21-1.74) < 0.0001
Humidity Per 5% increase 1.59 (1.51-1.67) < 0.0001
Table 4 Risk factors for dengue incidence in Dak
Lak province: multivariate analysis
Risk factor Unit of comparison Risk ratio
(95% CI)
P-value
Household index Per 5% increase 1.87 (1.81-1.93) < 0.0001
Household mosquito Per 5% increase 1.08 (1.06-1.11) < 0.0001
Temperature Per 2°C increase 1.21 (1.10-1.34) < 0.0001
Rainfall Per 50 mm increase 1.14 (1.12-1.15) < 0.0001
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number of mosquitoes. An increase in the number of
adult female mosquitoes increases the probability of
viral transmission [25]. Elevated temperature is asso-
ciated with an increased incidence of dengue due to
accelerated development rate of the virus and increased
mosquito biting rate [26], as well as increased develop-
ment rate of different mosquito life stages and dengue
virus replication. Higher temperature enhances virus
replication and shorten the extrinsic incubation period
in the vector [27] whereas higher relative humidity
decreases adult mosquito mortality [21].
In Dak Lak province, we found that the rainy season is
characterized by a higher BI, container index, and HI,
which is also consistent with a previous observation that
a positive associations between the incidence of dengue
and the Aedes HI and the BI [21,28]. This relationship
suggests that the latter might have exerted its effect on
dengue infection partly through the creation of more
breeding sites for A. aegypti. Surveillance by ovitrap
(a device consisting of a black painted milk can, filled
with 250 ml tap water and a hole each side of tin) in a
selected urban area and suburban area in Malaysia for
14 months found a strong correlation between rainfall
and egg population [29]. A retrospective ecological
study on impact of weather variables and climatic
indicators associated with the incidence of dengue con-
ducted in Mexico from 1995 to 2003 showed that
increases in weekly minimum temperature and rainfall
were also significant factors in the increase in the
reported cases of dengue [30]. A study in Barbados has
documented a correlation between the incidence of
dengue in a specific parish from 1995-2000, and a range
of climate variables, with lags from 7-16 weeks [31]. A
study in 14 provinces of southern Thailand indicated
that the temperature, rainfall and humidity were asso-
ciated with dengue hemorrhagic fever incidence [32].
T h ep r e s e n ts t u d ys h o u l db ei n t e r p r e t e dw i t h i nt h e
context of strengths and limitations. In the province,
health workers at all levels are very familiar with dengue
fever and dengue hemorrhagic fever, as proven by the
low case-fatality rate [2] and the standard clinical case
definition for dengue has been used for more than 10
years without substantial change [1]. Dengue diagnosis
is based on standard clinical case definition of WHO for
identifying outbreak and initiating an early response as
well as reducing dengue mortality. However, a recent
s t u d yo nd e n g u ed i a g n o s i su s i n gW H O ’ss t a n d a r d
clinical case definition for dengue showed high sensitiv-
ity but poor specificity [33]. Therefore, there existed a
possibility of overestimation of the number of dengue
cases in the study. However, to our knowledge, there
were a number of dengue patients treated in private
health services that could not recorded. Indeed. a study
of diagnosis of acute undifferentiated fever in Vietnam
showed that acute dengue was found in ~34% cases,
which suggests that the possibility of underreporting of
dengue in commune health stations [34]. The present
study was an ecological investigation; therefore, it is not
possible to make inference concerning the causative
relationship between the mosquito larval indices and
dengue infection at the individual patient level. The
number of deaths was small and therefore not suitable
for a thorough analysis of risk factors for dengue
mortality.
Conclusions
In summary, our study in the Central Highlands of
Vietnam showed that the risk of dengue increased during
rainy months when monthly rainfall increased together
with the increased vector population as indicated by the
monthly HI, container index and BI. The global climate
change will likely increase the burden of dengue fever
infection in Vietnam. Intensified surveillance and control
of mosquito during high temperature and rainfall seasons
may be an effective strategy for containing the burden of
dengue fever.
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